The surface composition of isolated Au 0.5 Fe 0.5 nanoparticles (NPs) synthesized by micelle encapsulation and supported on TiO 2 (110) has been investigated. Our study reveals that phase-segregated structures are present after annealing at 300°C. A subsequent thermal treatment at 700°C resulted in the formation of an AuFe alloy. At this temperature, a state characteristic of Fe was identified at the NPs' surface. Annealing at 900°C resulted in the disappearance of the Fe surface state, which is attributed to Au segregation to the surface. The initial hexagonal NP arrangement on the TiO 2 (110) surface was preserved up to 900°C. At 1000°C, Au desorption was observed.
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The physical and chemical properties of bimetallic alloy nanostructures differ strongly from those of their monometallic counterparts. [1] [2] [3] [4] In the field of heterogeneous catalysis, oxide-supported bimetallic nanoparticles are known to exhibit remarkably high activities and enhanced selectivities. This is due to their ability to lower the energy barrier of a specific chemical reaction 5 and their enhanced resistance against poisoning. 6 AuFe clusters have been proven active for the structure-sensitive low-temperature CO oxidation 7 reaction. However, the structure and thermal stability of AuFe NPs is still not well understood.
In the present work, scanning tunneling microscopy and spectroscopy (STM and STS) were used to investigate the surface composition of self-assembled size-selected AuFe nanoparticles. Differential conductivity (dI/dV) spectra were measured on the surface of isolated AuFe NPs after different annealing treatments to get insight into their local density of states (LDOS). This local spectroscopic method has been used in the past to identify the chemical composition of surface alloys containing Fe: Fe/Pt(111), 8 Cr/Fe(001), 9 Au/Fe(001). 10 The well-known Fe surface state near the Fermi level (E F ) 11 which appears as a sharp feature in the dI/dV curves is used as a signature of the presence of Fe atoms at the NP surface.
Self-assembled size-selected Au 0.5 Fe 0.5 NPs were synthesized by encapsulation in diblockcopolymer micelles formed by dissolving polystyrene-block-poly(2-vinylpyridine) [PS(x)-P2VP(y), with molecular weight x=81000 and y=14200 g/mol] in toluene. Subsequently, two metal salts, (HAuCl 4 .3H 2 O) and (FeCl 3 ) were added simultaneously at equal concentration to the polymeric solution. The complete encapsulation of the Au and Fe compounds inside the micelles was achieved when a metal salt to PS-P2VP concentration ratio of 0.6 was used. Following this synthesis method, for a given particle size [determined by the molecular weight of 3 the polymer core (P2VP)], the alloy composition can be easily tuned by changing the relative concentration of the two metal salts. The interparticle distance is determined by the length of the polymer tail (PS). A monolayer-thick film of NPs was obtained by dip-coating (ex-situ) a TiO 2 (110) single crystal into the gold-iron polymeric solution. This substrate was previously cleaned in ultrahigh vacuum (UHV) by Ar + sputtering (1 keV) and annealing cycles at 950°C to obtain optimum conductive properties. 12 The sample was then introduced into a UHV sys- areas can be found in Ref. 13 In the temperature range from 300°C to 900°C, a stable l of ∼49 nm was measured. However, a significant change in the morphology of the TiO 2 (110) surface To corroborate this point, the BE of similarly synthesized monometallic Fe clusters was measured after annealing at 700°C [curve "Fe" in Fig. 2(b) ]. In this case, a much lower BE value was obtained (707.7 eV, 2p 3/2 ). At 900°C, a marked decrease in the Fe signal of the AuFe NPs is observed (~40 %), while the Au signal is nearly constant (~3% decrease due to minimal Au desorption at this temperature). Since Au is expected to desorb at lower tempera- to eliminate excessive noise in the bandgap region and the divergence of (dI/dV)/(I/V) at the band edges. The curves labeled "R-TiO 2 " were recorded on the TiO 2 surface far away from AuFe NPs after each thermal treatment. In Fig. 4(a) , the LDOS of the TiO 2 substrate exhibits a net bandgap of 6 ~ 1 eV, with the edge of the conduction band minimum located ~0.3 eV above E F . Within the bandgap region, the increase of the LDOS at ~ -0.9 eV and ~ -1.4 eV is due to the presence of O-vacancies on the reduced TiO 2 surface (R-TiO 2 ) after annealing at 300°C. The creation of O-vacancies results on free electron charge which is partially transferred to adjacent Ti-3d levels. These levels are associated with Ti ions in the 3 + oxidation state and appear as occupied states within the bandgap. 15 In Fig. 3(b) , the LDOS of R-TiO 2 shows an enhancement of the conductivity in the bandgap (at -0.6 eV and -1.1 eV) resulting from the increase of Ti-3d states as additional O-vacancies are created after annealing at 700°C. A similar effect is observed after annealing at 900°C (not shown).
Curve 1 in Fig. 4(a) was acquired at the top of an AuFe NP after annealing at 300°C. The large bandgap (∼0.75 eV) measured at this NP location can be attributed to oxidized Fe atoms in Fe 2 O 3 , since no metal-to-non-metal transition related to quantum size effects is expected for a NP of this size (h = 4.6 nm) . Our XPS measurements corroborate the presence of iron atoms in the Fe 3+ state at this temperature [ Fig. 2(b) ] due to the O 2 -plasma treatment used to remove the encapsulating polymeric shell. Curve 2 in Fig. 4(a) , recorded in the perimeter area of this AuFe NP, does not show such a large bandgap and we identify this location as a goldrich region. The Au 2 O 3 formed upon NP exposure to O 2 -plasma is easily decomposed well below 300°C. A similar curve was measured on a pure Au NP (curve "Au") from a reference sample with Au NPs on TiO 2 (110) annealed at 300°C. Curves comparable to 1 and 2 (not shown) were measured on regions (i) and (ii) respectively in Fig. 4(a) . From our STS analysis, we infer that Au and Fe at this temperature are phase separated.
After annealing at 700°C, Fig. 4(b) , curves 1 and 2 show a peak in the LDOS ~ 0.25 eV above E F which is attributed to Fe surface states. These states are not observed in the LDOS 7 obtained on a pure Au NP after an identical thermal treatment (curve "Au"). Band structure 
